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POLYSACCHARIDE CAPSULES AND METHOD OF PREPARATION 

The present invention pertains to oil-cx>ntaining capsules having a polysaccharide 
gel membrane on the outer surface thereof; and methods for preparation of such capsules. 
5 The inventive capsules are suitable for pharmaceutical, nutraceutical, veterinary, food 
and specialty applications. 

BACKGROUND OF THE INVENTION 

It is well known that gelatin has been used, inter alia, in a wide range of food 

10 products, such as gelatin containing courses, compressed meats, pastries, and the like. It 
- is also well known that gelatin has been used to deliver pharmaceuticals in capsule form 
for more than one hundred years. It has many useful physical and chemical properties, 
which support this broad range of utility. 

The primary sources of gelatin are from bovine animals and pigs. The source of 

15 gelatin can be a problem for potential areas of use or for particular consumers. Large 
groups of people around the world cannot ingest any products derived from these 
animals, because of religious beliefs or because of dietary requirements and preferences. 
Additionally, as there has recently been at least one alleged instance of cross-species 
contamination from cattle to humans (at least one alleged instance with bovine 

20 spongiform encephalopathy, BSE, or "Mad Cow Disease" in the United Kingdom), the 
use of uncontrolled by-products from animals has lost some level of commercial 
acceptance. It has become apparent that replacement compositions for gelatin, which are 
not derived from animals, are desirable. 

For example, US Patent No. 5,942,266 ( 6 266 patent) sets forth one method for 

25 capsule formation using alginates which comprises contacting liquid drops of a 
composition of an aqueous solution of a water-soluble macromolecular substance (such 
as guar gum) at least a portion of which is marmelo mucilage, an oleaginous substance 
(such as animal or vegetable oil), a water-soluble polyvalent metal salt (such as calcium 
chloride), with an aqueous solution of a water-soluble salt of an alginic acid, thereby 

30 forming a water-insoluble film of alginic acid salt on the outer surface of the liquid drop. 
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As reported in the '266 patent, the amount of oleaginous substance that is encapsulated 
can be in the range of 10% to 95% by weight of the liquid drop. In order to encapsulate 
such a relatively large amount of oleaginous substance (preferably 30-85% by weight of 
the liquid drop), the composition of the liquid drop in the '266 patent is very complex; 

5 requiring the presence of exacting amounts of macromolecular substance, oleaginous 
material, polyvalent metal and other salts; and the essential requirement of marmelo 
mucilage. Thus, it can be seen that an improved, simpler method is needed for preparing 
capsules comprised of relatively large amounts of active materials. 

Other references disclose the preparation of capsules containing alginate gel 

10 membranes, but appear to use an amount of water that makes the capsules difficult to dry. 
The present inventors have overcome the problems .associated with the prior art wherein 
the capsules contain too much water. 

It has now been found in accordance with the present invention that emulsions 
comprised of relatively large amounts of an active material, such as an oil, can be 

15 prepared that offer an alternative to complex combinations of active material, water, and 

t a plurality of other components. Accordingly, the objects of the present invention 
include: 1) a method of preparing simple water emulsions comprised of relatively large 
amounts of oils, 2) a simple method of preparing capsules that encapsulate the 
aforementioned water emulsions of oils in a polysaccharide gel membrane, and 3) 

20 optionally, a method of drying and coating the polysaccharide capsules of oils for a 
subsequent use. 

SUMMARY OF THE INVENTION 

Specifically, this invention is directed to a method for preparing capsules having a 
25 polysaccharide gel membrane on the outer surface comprising the steps of (a) preparing 
an emulsion of oil, water, an emulsifier, and at least one of a water-soluble monovalent 
metal salt, polyvalent metal salt, and an acid, wherein the oil is present in an amount of at 
least 50% by weight of the emulsion; with the proviso that the emulsion does not contain 
marmelo mucilage, and (b) adding portions of the emulsion to an aqueous gelling bath 
30 comprised of at least one ionic polysaccharide, thereby encapsulating the portions of 
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emulsion in a polysaccharide gel membrane. The present invention is also directed to 
such capsules. The capsules of the invention can be made in a variety of shapes. 

DVTAn Fl) DESCRIPTION OF THE INVENTION 

5 Surprisingly, it has now been found that relatively simple water emulsions 

containing relatively large amounts of oils can be encapsulated in polysaccharide gel 
capsules. A method of preparing the capsules having a polysaccharide gel membrane on 
the outer surface comprises the steps of: (a) preparing an emulsion comprising oil, water, 
an emulsifier, and at least one of a water-soluble monovalent metal salt, polyvalent metal 
10 salt, and an acid, wherein the oil is present in an amount of at least 50% by weight of the 
emulsion; with the proviso that the emulsion does not contain marmelo mucilage, and (b) 
adding portions of the emulsion to an aqueous gelling bath comprised of at least one ionic 
polysaccharide thereby encapsulating the portions of the emulsion in a polysaccharide gel 
membrane. 

15 The oil and water emulsion that can be encapsulated within the scope of the 

present invention is an emulsion wherein the oil is selected from any oil, or combination 
of oils, that find utility in an encapsulated form, for example, for use in the 
pharmaceutical (pharmaceutical herein includes veterinary and nutraceutical), food, 
nutritional, cosmetic, agricultural, and the like industries. Suitable oils include, without 

20 limitation, oils derived from animals, plants, microorganisms, or extracts thereof; oils that 
are chemical compounds derived by synthetic or other means, or formulations thereof; 
oils that are fatty acids, esters, or derivatives thereof; or oils that may be a 
pharmaceutically active agent, a nutritional supplement, flavor oil, or a food. Oils within 
the scope of the present invention also include oils that act as carriers or solvents for oil- 

25 soluble active materials such as an oil-soluble pharmaceutically active agent, a 
nutritional, flavor, fragrance, supplement, or a food. Other oils within the scope of the 
present invention are those that include naturally occurring emulsifiers. One such oil is 
soy oil, which contains lecithin. Lecithin is useful in food manufacturing as an emulsifier 
in products high in fats and oils. Preferred oils within the scope of the present invention 
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are those that are a liquid, or that can be made into a liquid at a temperature in the range 
of, for example, 20 °C to 95 °C: 

An emulsion of oil and water is defined as a heterogeneous system, wherein the 
oil and water are immiscible and either 1) the water is intimately dispersed in the oil, or 
5 2) the oil is intimately dispersed in the water, in which the dispersed material is in the 
form of droplets. If left alone, the dispersed droplets will coalesce to form larger and 
larger droplets, until all of the dispersed phase has coalesced. Emulsifying agents, or 
emulsifiers, are used to preserve the integrity of the dispersed droplets and prevent the 
separation of the two phases. To enable emulsifiers to prevent the separation of the oil 

10 phase and the water phase, the emulsifiers preferably have distinct chemical 
characteristics. Among the preferred characteristics-of an emulsifier are that they possess 
1) hydrophilic (water-soluble) and 2) lipophilic (oil-soluble) groupings in their molecular 
structures. The effectiveness of an emulsifier depends upon the balance of the weight- 
average molecular weight of the hydrophilic and lipophilic groups. The balance, i.e., the 

15 hydrophilic-lipophilic balance (hereinafter termed 66 HLB") has a value that can range 
from 1 upwards. In general, emulsifiers with lower HLB values, for example 3-9, are 
more suitable for preparing water-in-oil emulsions, whereas emulsifiers with higher HLB 
values, for example 9-18, are more suitable for preparing oil-in-water emulsions; 
however, there are emulsifiers that are useful for both types of emulsions. 

20 Emulsifiers suitable in the context of the present invention are chemical 

compounds having both a hydrophilic group and lipophilic group wherein the HLB value 
is in the range of 1 to 19. Examples of such emulsifiers having HLB values in the range 
of 1 to 19 include, without limitation, glycerin fatty acid esters, lactic acid esters of 
monoglycerides,. lecithins, polyglycerol polyricinoleate, sorbitan esters of fatty acids, 

25 succinic acid esters of monoglycerides, calcium stearoyl dilactate, citric acid esters of 
monoglycerides, diacetyl tartaric acid esters of monoglycerides, polyoxyethylene sorbitan 
esters of fatty acids, sucrose esters of fatty acids, and other emulsifiers. Emulsifying 
agents may also include some particulate materials, such as, for example, soot (water-in- 
oil emulsion stabilizer) or silica powder (oil-in-water emulsion stabilizer) as generally 

30 known. Preferred emulsifiers of the present invention are selected from the group of 
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polyoxyethylene(20) sorbitan monolaurate (Sold under the name and trademark of 
TWEEN 20, by Aldrich Chemical, Milwaukee, WI, USA), polygiycerol polyricinoleate 
(Sold under the name and trademark of PGPR 90, by Danisco, Copenhagen, Denmark), 
calcium stearoyl-2-lactylate (Sold under the name and trademark of VERV K, by 
5 American Ingredients Company, Kansas City. MO, USA), sorbitan monooleate (Sold 
under the name and trademark of SPAN 80, by Aldrich Chemical, Milwaukee, WI, 
USA), and mixtures thereof. More preferred emulsifiers are polyoxyethylene(20) 
sorbitan monolaurate, polygiycerol polyricinoleate, or mixtures thereof. 

The emulsions of oil and water of the present invention contain at least one of a 

10 water-soluble monovalent metal salt, a polyvalent metal salt, or an acid. For example, 
polysaccarides, such as alginates gel at low pH, so acids, e.g., dissociated hydrogen ions, 
can be used in the present invention as gelling agents. A water-soluble monovalent metal 
salt, polyvalent metal salt, or acid suitable for use in the present invention includes any 
inorganic or organic salt or acid that is capable of disassociating into a free ionic state in 

15 water, where the ions are capable of forming a gel with an ionic polysaccharide. Suitable 
salts include, without limitation, the salts of sodium, potassium, calcium, strontium, 
barium, aluminum, magnesium, other salts, and mixtures thereof. A preferred salt is 
calcium chloride, in either hydrated or anhydrous form; Increasing the salt content in the 
oil and water emulsion, inter alia, increases the thickness of the polysaccharide gel 

20 membrane when the capsules are formed, thereby making the capsules stronger. The salt 
in the oil and water emulsion is present in at least a gel-forming amount sufficient to 
adequately form polysaccharide gel membranes surrounding portions of the oil and water 
emulsion. Preferably, within the scope of the present invention, the salt is present in the 
oil and water emulsion in an amount of up to 25% by weight of the emulsion, more 

25 preferably from 2% by weight to 15% by weight of the emulsion. 

In a first embodiment of the present invention, the emulsion is an oil-in-water 
emulsion. The emulsion can be prepared by dissolving a monovalent or polyvalent metal 
salt (as discussed above), for example, calcium chloride dihydrate and at least one 
emulsifier (as discussed above) for example, polyoxyethylene(20) sorbitan monolaurate, 

30 in water. The resultant solution may then be homogenized during which time an oil, for 
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example, fish oil, soy oil, oleic acid, or mineral oil, can be slowly added to form a highly 
viscous oil-in-water emulsion. A preferable amount of oil present in the oil-in-water 
emulsion is in an amount of 70% by weight to 98% by weight of the emulsion, more 
preferably, in an amount of 85% by weight to 95% by weight of the emulsion. 

5 In a second embodiment of the present invention, the emulsion is a water-in-oil 

emulsion. The emulsion can be prepared by adding a water solution of a monovalant or 
polyvalent metal salt (as discussed above) and at least one emulsifier (as discussed 
above), for example, polyglycerol polyricinoleate, to an oil (as discussed above) 
duringwhich time the mixture can be homogenized to provide the water-in-oil emulsion. 

10 A preferable amount of oil present in the water-in-oil emulsion is in an amount of 65% by 
weight to 85% by weight of the emulsion, more preferably, in an amount of 70% by 
weight to 80% by weight of the emulsion. As set forth above, soy oil contains the 
naturally occurring emulsifier lecithin. Water-in-oil emulsions of soy oil may be stable 
for a period of time long enough so that the emulsion can be encapsulated without 

15 inclusion of additional emulsifier. 

In a third embodiment of the present inventions the emulsion is a water-in-oil-in- 
water emulsion. A water-in-oil-in-water emulsion provides a means for encapsulating 
not only an oil, or an oil-soluble substance, but also, a water-soluble substance, or a 
water-soluble active ingredient. Accordingly, an inner phase comprised of a solution of a 

20 water-soluble substance in water can be added to a middle phase comprised of an oil (as 
discussed above) and an emulsifier (as discussed above), for example, polyglycerol 
polyricinoleate, during which time the mixture can be homogenized to form a water-in- 
oil emulsion. The so-formed water-in-oil emulsion may then be added to an outer phase 
comprised of a water solution of a monovalent or polyvalent metal salt (as discussed 

25 above) and an emulsifier (as discussed above), for example, polyoxyethylene(20) sorbitan 
monolaurate, during which time the mixture can be homogenized to form a highly 
viscous water-in-oil-in-water emulsion. A preferable amount of oil present in the water- 
in-oil-in-water emulsion is in an amount of 60% by weight to 90% by weight of the 
emulsion, more preferably, in an amount of 70% by weight to 80% by weight of the 

30 emulsion. 
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A preferred emulsion in the context of the present invention is an oil-in-water 
emulsion as discussed above in the first embodiment. A drying process at an elevated 
temperature, for example, at about 60 °C, to remove water from the oil-in-water emulsion 
prior to its encapsulation can eliminate a large portion of water from the encapsulation 
5 step, thereby providing a capsule in a relatively dry form, if a capsule in dry form is 
desired. The length of a separate capsule-drying step can therefore be shortened. 
Additionally, as an aid to shortening the length of a capsule-drying step if one is desired, 
some of the water in the emulsion can be replaced with a water-miscible solvent, for 
example an alcohol of C1-C4 straight or branched carbon length, for example, ethanol. 

10 The emulsions as set forth above, in addition to containing one or more of a 

pharmaceutical agent, a nutritional supplement, or -a food, may also contain additional 
components. Such components include, without limitation, dyes; colorants; plasticizers, 
such as glycerol, sorbitol, and polyethylene glycols; stabilizing polymers, such as 
chitosan, carrageenan, alginates, propylene glycol alginate, gellan, xanthan gum, locust 

15 bean gum, guar, pectins, gum arabic, gum tragacanth, sodium-carboxymethylcellulose, 
and agar-agar; preservatives such as lower alkylparabens, benzoic acid, sodium benzoate, 
and benzyl alcohol; antioxidants such as ascorbic acid, ascorbyl palmitate, sulfites, L- 
tocopherol, butylated hydroxyanisole, and propyl gallate; solids such as calcium 
carbonate; disintegrating compounds; additional emulsifiers, and other components. 

20 Capsules having a polysaccharide gel membrane on the outer surfaces are formed 

by adding portions of any one of the oil and water emulsions set forth above to an 
aqueous gelling bath comprised of at least one ionic polysaccharide, thereby 
encapsulating the portions of the emulsion in a polysaccharide gel membrane. The 
polysaccharide gel membrane formed around the portions of the emulsion is the reaction 

25 product of ions of the water-soluble monovalent metal salt, polyvalent metal salt or acid 
that are in the emulsion, with an ionic polysaccharide that is in the gelling bath. A 
preferred concentration of ionic polysaccharide in the gelling bath is in the range of 0.1% 
by weight to 10% by weight, more preferably in the range of 0.5% by weight to 4% by 
weight. 
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Suitable polysaccharides in the context of. the present invention include 
carrageenans, alginates, chitosans, pectins, sodium-carboxymethylcellulose, or mixtures 
thereof; however, a preferred polysaccharide is an alginate. 

Alginates, derived from, inter alia 9 brown seaweeds (Phaeophyceae sp.) are linear 
5 unbranched chemical polymers containing (l-4)-linked P-D-mannuronic acid (M) and a- 
L-guluronic acid (G) residues. Alginates are not random copolymers, but consist of 
blocks of similar and alternating residues, for example, MMMM, GGGG, and GMGM, 
and are generally useful in the form of alginic acid or salts thereof. 

A suitable alginate in the gelling bath is an alginate having a weight-average 

10 molecular weight of 20,000 Daltons to 500,000 Daltons, having a G-content of at least 
30%, preferably in the range of 50% to 90%. As -used throughout, the weight-average 
molecular weight is calculated by first determining the intrinsic viscosity, then using the 
Mark Houvink Sakurada Equation, as in Martinsen, et al; "Comparison of Different 
Methods for Determination of Molecular Weights and Molecular Weight Distribution of 

15 Alginates" (Carbohydr. Polym. 15: 171-193). It has been found that a mixture of both 
low and higher ^weight-average molecular weight alginates, in the gelling bath impart 
preferable properties to the alginate gel capsule membrane surrounding the emulsion. 
For example, a preferred mixture of alginates is comprised of (i) an alginate having a low 
weight-average molecular weight of 30,000 Daltons to 40,000 Daltons, and (ii) an 

20 alginate having a higher weight-average molecular weight of 1 50,000 Daltons to 500,000 
Daltons. Increasing the ratio of a higher weight-average molecular weight alginate 
provides a more elastic alginate gel capsule. Increasing the ratio of the low weight- 
average molecular weight alginate provides a less viscous gelling bath and a more 
favorable rate of capsule formation. Depending upon the characteristics desired in the 

25 alginate gel membrane to be formed around the emulsion, a suitable ratio of low weight- 
average molecular weight alginate (i) to higher weight-average molecular weight alginate 
(ii) in the gelling bath is in the range of 0.1 to 20 of (i) to 1 of (ii) (0.1-20:1), respectively. 
A preferred ratio of low weight-average molecular weight alginate (i) to higher weight- 
average molecular weight alginate (ii) is in the range of 4 to 16 of (i) to 1 of (ii) (4-16:1), 

30 respectively. The gelling bath may contain additional components to include, without 
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limitation, dyes, colorants, secondary film formers, plasticizers, emulsion destabilizers, * 
density adjusters, preservatives, antioxidants, solids, disintegrants and other components. 

The methods by which the oil and water emulsions are added to the gelling bath, 
inter alia, control the size of the capsule formed. The emulsion, which can be in the form 
5 of a thick paste or in the form of a liquid of low viscosity, can be fragmented, or shaped 
in some manner into portions, either prior to, or simultaneously with, its addition to the 
gelling bath. Suitable methods for adding the emulsion to the gelling bath include, 
without limitation, dropping the emulsion from a pipette, extruding the emulsion through 
a chopping mechanism, molding the emulsion in a casting mold, spraying the emulsion, 

10 adding the emulsion from vibrating nozzles, and other methods. 

The surface of the portions of the emulsion to be added to the gelling bath may be 
reduced in stickiness prior to adding such to the gelling bath. A reduction in the 
stickiness of the surface of the portions of the emulsion may aid in helping to (a) ensure 
the complete release of the portions from any device used to form, shape (for example, a 

15 mold), or transfer the portions to the gelling bath; (b) increase the ease and speed of 
handling the portions; and/or (c) avoid agglomeration or sticking of the individual ,- 
portions of the emulsion as they are initially added to the gelling bath. The surface of the 
portions of the emulsion may be reduced in stickiness by any suitable method that does 
not interfere with the formation of the polysaccharide gel membrane surrounding the 

20 portions of emulsion once they are added to the gelling bath. Such suitable methods to 
reduce stickiness of the surface of portions of the emulsion include, without limitation, i) 
surface-drying, or ii) surface-hardening each portion of the emulsion, or by iii) applying a 
surface coating to at least part of each portion of the emulsion. Suitable surface coalings, 
such as release agents, anti-tacking agents and lubricants include, without limitation, 

25 polysaccharides, such as alginates, and other polysaccharides; C10-C15 alkyl lactates, such 
as lauryl lactate; calcium silicate, dioctyl malate, magnesium carbonate, D-mannitol, 
silica, hydrated silica, talc; oils and hydrated oils, such as castor oil, coconut oil, 
cottonseed oil, palm oil, soybean oil, jojoba oil, apricot oil, kernel oil, mineral oil, olive 
oil, sesame oil, walnut oil, wheat germ oil, and other oils; waxes, such as lanolin wax, 

30 and other waxes; microcrystalline cellulose; stearates, such as isocetyl stearate, isocetyl 
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stearoyl stearate, isopropyl stearate, magnesium stearate, zinc stearate, and other 
stearates; glycerol derivatives, such as glycerol behenate, glycerol cocoate, glycerol 
dioleate, glycerol dioaeate SE, glycerol distearate, glycerol distearate SE, glycerol laurate 
SE, glycerol oleate SE, glycerol polymethacrylate, glycerol ricinoleate SE, and other 
5 glycerol derivatives; fatty acids, such as palmitic acid, lauric acid, stearic acid, and other 
fatty acids; polyethyleneglycol and derivatives, such as PEG-6, PEG-100, PEG-200, 
PEG-40 stearate, and other polyethyleneglycol derivatives; combinations thereof, and 
other surface coatings* More preferably, alginates may be used as the surface coating. In 
a preferred method, a portion of the emulsion may be shaped, for example, in a mold, 

10 wherein at least a part of the mold may be treated with a suitable surface coating, such as 
an alginate, prior to molding the portion of emulsion, thereby imparting a surface coating 
to at least part of the portion of emulsion. The mold may be treated with an aliquot of the 
gelling bath containing an alginate into which the portions of emulsion are to be added, or 
the mold may be treated with different solutions of an alginate. 

15 In certain capsule-forming methods, the portions of the emulsion may be added, 

or deflected in some manner, to the gelling bath at a point below its surface. Preferably, 
the gelling bath is stirred at a rate sufficient to prevent the capsules from sticking together 
as they are forming. 

During the step of encapsulating the oil and water emtdsion as set forth above, it 
20 is preferable that the gelling bath be maintained at a temperature of at least 20 °C, and, 
more preferably in the range of 50 °C to 70 °C. Advantageously, the gel membrane 
formed can have a higher alginate solids level when performing the encapsulating step at 
an elevated temperature. In addition, increasing the temperature may increase the rate of 
gelation and subsequently lower processing times, and also provides capsules with an 
25 improved, shiny appearance. If a secondary film former is preferred in the gelling bath as 
set forth above, it can be advantageous to add it to the gelling bath at the aforementioned 
range of elevated temperatures. Solutions of certain suitable secondary film formers, 
such as kappa- and ictfa-carrageenans and agar-agar, form gels at ambient temperature, 
but are liquids at elevated temperatures. The liquid secondary film former, when fully 
30 dissolved in the gelling bath, becomes an integral part of the polysaccharide gel capsule, 

-10- 



Docket 60275 NORW 
Andersen et al 




once the capsule forms. Upon cooling, the secondary film-former can solidify, or gel, 
thereby providing added strength to the capsule. Varying concentrations of secondary 
film-former provide varying levels of capsule strength. 

Characteristics desired in the capsule can be optimized during the step of 

5 encapsulating by one skilled in the art, depending on the materials used. In general, this 
step can be accomplished "during a period of time up to 240 minutes from the start of the 
addition of portions of the oil and water emulsion, preferably during 2 minutes to 60 
minutes, and more preferably, during 5 minutes to 20 minutes. Capsules prepared by the 
methods set forth above have a capsule diameter in the range of 1 millimeter to 40 

1 0 millimeters, although the diameter of the capsule prepared is not restricted by the method 
of preparation. Gel membrane thickness of capsules prepared by the methods set forth 
above generally is in the range of 03 millimeter to 4 millimeters. 

Depending upon the intended end-use of the capsules of the present invention, it 
may be preferable that the capsules be dry. In a drying step, the water that is contained in 

15 the now-encapsulated oil and water emulsion and water within the gel membrane itself is 
removed. Once dried, the capsules are considered to be in a dry form, although one 
skilled in the art will understand that a capsule in dry form can include some water, for 
example, up to about 20%. Once dried, the polysaccharide gel membrane of the capsule 
becomes firmer, as it shrinks to form a thinner dry polysaccharide gel film on the outer 

20 surface of the capsule. Preferably, the oil within the capsule after drying is present in the 
amount of at least 70% by weight of the capsule, more preferably at least 90% by weight. 
Capsules prepared by the methods of the present invention, comprised of the quantities of 
oil set forth above advantageously do not lose their shape upon drying and therefore 
appear smooth, transparent and seamless. Also the emulsion in the core changes from 

25 non-transparent to transparent as the water in the emulsion is removed during the drying 
step. The smooth and seamless appearance is preferable when the capsules are to be used, 
inter alia, as a dosage of a pharmaceutical, a nutritional supplement, a foodstuff, an 
agricultural product, a fertilizer, or the like. The drying step can be accomplished by any 
method which provides capsules in a dry form, such as, without limitation, drying of 

30 capsules exposed to the atmosphere, drying of capsules in a fluidized bed apparatus, 
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drying of capsules in a perforated coating pan, and other methods of drying known in the 
art. 

Additionally, again depending upon the intended end-use of the capsules of the 
present invention, it may be advantageous that the capsules be coated with, for example, 
5 a secondary film-former, or a sequestrant, or a secondary film-former and a sequestrant. 
Coating of capsules of the present invention is preferred, for example, when dissolution 
properties of the so-formed capsules need to be altered, when water and mammalian body 
solubility need to be altered, to increase capsule strength, to change the color of the 
capsules, to alter the gas permeability of the capsules, and for other purposes known by 

10 one skilled in the art. Secondary film-formers include, without limitation, gelling or non- 
gelling polymers, for example, alginates, carrageenans, chitosans, 
carboxymethylcellulose, cellulose acetate phthalate, cetyl hydroxyethyl cellulose, lanolin 
wax, polyvinyl acetate, polyvinyl pyrrolidone, starches, and other secondary film- 
formers. Sequestrants include, without limitation, sodium citrate, phosphate salts, 

15 ethylenediaminetetraacetic acid and salts (EDTA), ethylene glycol-bis(p-aminoethyl 
ester)-N,N,N',N'-tetraacetic acid (EGTA), and other sequestrants. Washing the capsules 
with an aqueous solution of alcohol and sequestrants can also be used to increase the 
water solubility of the capsules. 

Although the drying and coating of the capsules can be done separately and in no 

20 special order, a preferred method in the context of the present invention is to conduct the 
drying step and coating step simultaneously. The simultaneous drying and coating of the 
capsules can be accomplished, for example, by 1) subjecting the wet capsules to pre- 
drying for a short period of time (about 10 minutes) in a fluidized bed apparatus, 2) 
adding a solution of a coating, then 3) subjecting the coated capsules to another, usually 

25 longer drying period, affording the capsules in dry form. A C6 fluidized bed apparatus" is a 
device that can be used for drying and/or coating capsules, in which the capsules are 
placed in a stream of air (the fluid) at a velocity to cause the capsules to float in the 
stream of air, thereby causing them to dry. One such device is sold under the name and 
trademark of STREA-1, manufactured by Niro-Aeromatic Ltd, Hauptstrasse 145, CH- 

30 4416 Bubendorf, Switzerland. 
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The capsules of the present invention in dry form may have varying capsule 
diameters depending on the intended use; e.g., the capsule diameter can be relatively 
small and be in the range of 400-600 microns, or the capsule diameter can be somewhat 
larger and be in the range of 0.5 millimeter to 35 millimeters, where the dry 
5 polysaccharide gel film generally has a thickness in the range of 40 microns to 500 
microns. 

It is expected that polysaccharide capsules within the scope of the present 
invention, prepared by methods set forth herein, could be prepared either in a continuous 
process, or a batch-wise process, whichever method is preferable for the production of 

1 0 suitable capsules. 

The term "plasticizer" means any compound-or material which, when added to the 
emulsion or gelling bath, aids in binding water to the polysaccharide capsule membrane 
once it is formed, thereby promoting softening of the capsule membrane. The term 
"secondary film formers" means any compound or material which, when added to the 

15 gelling bath, or coated onto the capsule in a separate step, aids in altering capsule 
properties, for example, strength, elasticity, gas permeability, solubility, and appearance. 
The term "stabilizing polymers" means any compound or material which, when added to 
the emulsion, aids in stabilizing the oil and water emulsion by increasing the viscosity of 
the water-phase. The term "emulsion destabilizers" means any compound or material 

20 which, when added to the gelling bath, promotes destabilization of the emulsion in the 
gelling bath. The term "density adjuster" means any compound or material which, when 
added to the gelling bath, promotes submergence of the emulsion in the gelling bath. The 
term "sequestrant" means any compound or material which, when used as a capsule 
treatment, binds or complexes the calcium, or other gelling ions, in the polysaccharide 

25 capsule membrane or film, thereby changing the physical characteristics of the capsule, 
for example, making the capsules more water-soluble. The term "antioxidanf * means any 
compound or material which, when added to the emulsion or gelling bath, aids in 
preventing oxidation of active ingredient, for example, an oil. The term "preservative" 
means any compound or material which, when added to the emulsion or gelling bath, aids 
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in preventing bacterial growth within the capsule. The term "ambient temperature" 
means a temperature in the range of 20 °C to 30 °C. 

The present invention is now described in more detail by reference to the 
following examples, but it should be understood that the invention is not construed as 
5 being limited thereto. Unless otherwise indicated herein, all parts, percents, ratios, and 
the like are by weight 

EXAMPLE 1 

PREPARATION AND ALGINATE ENCAPSULATION OF A WATER-IN-OIL 
10 EMULSION - SOY OIL 

A solution of 15.0 grams of calcium chloride dihydrate in 10.0 grams of water 
was added to a mixture of 0.0001 gram of polyglycerol polyricinoleate (Emulsifier-PGPR 
90) and 75.0 grams of soy oil. The mixture was vigorously stirred for about 30 seconds 

15 using a homogenizer, affording a water-in-oil emulsion. The emulsion was then dropped 
portion-wise into a gelling bath comprised of 2.0 grams of higher weight-average 
molecular weight alginate (PROTANAL SF 200, MW=387,000 Daltons; FMC 
Corporation, Philadelphia, PA), 16.0 grams of low weight-average molecular weight 
alginate (PROTANAL LFR 5/60, MW=35,000 Daltons; FMC Corporation), 20.0 grams 

20 of glycerol (plasticizer), 2.0 grams of polyoxyethylene(20) sorbitan monolaurate 
(emulsion destabilizer, Tween 20), 500 grams of ethanol (emulsion destabilizer - density 
adjuster), and 1460 grams of water. The gelling bath was stirred at a moderate rate, while 
being maintained at a temperature of 22 °C. The addition of emulsion was complete in 
about 9 minutes, after which time the so-formed capsules remained in the gelling bath 

25 during a period of about one hour. After this time, the capsules were strained from the 
gelling bath, and rinsed with water, providing alginate capsules having a diameter of 
about 4 mm. The capsules were then dried during about 18 hours on a laboratory bench 
with air circulating over them from a fan. Upon completion of drying, a portion of the 
capsules were placed in a sequestrant bath of 100 grams of a solution aqueous of 0.1 

30 Molar sodium citrate, 2% glycerol, and 20% ethanol for about 90 minutes. After this 
time the capsules were removed from the sequestrant bath, rinsed with water, and dried as 
set forth above. A sample of the capsules was placed in water, where the capsules 
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dissolved in about 15 minutes. Capsules not treated with the sequestrant did not dissolve 
in water. 

EXAMPLE 2 

5 PREPARATION AND CARRAGEENAN ENCAPSULATION OF A WATER-IN-OIL 

EMULSION - SOY OIL 

An water-in-oil emulsion was prepared in a manner analogous to that of Example 
1, wherein the water-in-oil emulsion was comprised of 65.0 grams of soy oil, 1.0 gram of 

10 calcium chloride dihydrate, 6.5 grams of potassium chloride, and 10.0 grams of deionized 
water, affording the water-in-oil emulsion. The water-in-oil emulsion was added to a 
gelling bath, also prepared in a manner analogous to that of Example 1, wherein the 
gelling bath is comprised of 4.5 grams of kappa ~carrageenan, 75.0 grains of ethanol 
(emulsion destabilizer - density adjuster), 0.3 gram of polyoxyethylene(20) sorbitan 

15 monolaurate (Emulsifier-Tween 20), and 220.2 grams of deionized water. Upon 
completion of addition, the so-formed carageenan capsules were kept in the gelling bath 
during about a one-hour period before recovering and drying in a manner analogous to 
that of Example 1 Affording round capsules of about 4 mm in diameter, 

20 EXAMPLE 3 

PREPARATION AND CARRAGEENAN-ALGINATE ENCAPSULATION OF A 
WATER-IN-OIL EMULSION - SOY OIL 

An water-in-oil emulsion was prepared in a manner analogous to that of Example 
25 1, wherein the water-in-oil emulsion was comprised of 65.0 grams of soy oil, 16.1 grams 
of calcium chloride dihydrate, and 6.4 grams of deionized water, affording the water-in- 
oil emulsion. The water-in-oil emulsion was added to a gelling bath, also prepared in a 
* 

manner analogous to that of Example 1, wherein the gelling bath was comprised of 0.75 
gram of carrageenan, 0.75 gram of higher weight-average molecular weight alginate 
30 (PROTANAL SF 200), 0.30 gram of polyoxyethylene(20) sorbitan monolaurate 
(Emulsifier-Tween 20), 3.0 grams of glycerol, and 295.2 grams of deionized water. 
Upon completion of addition, the so-formed carrageenan-alginate capsules were kept in 
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the gelling bath during about a one-hour period before recovering and drying in a manner 
analogous to that of Example 1, affording round capsules of about 8-9 mm in diameter. 

5 EXAMPLE 4 

PREPARATION AND ALGINATE ENCAPSULATION OF AN OIL-IN-WATER 

EMULSION - SOY OIL 

With moderate-speed stirring using a homogenizer, 130.0 grams of soy oil was 

10 slowly added to a solution of 7.0 grains of calcium chloride dihydrate, 0.8 gram of 
polyoxyethylene(20) sorbitan monolaurate (Emulsifier-Tween 20) and 10.0 grams of 
deionized water. Upon completion of addition, the mixture was vigorously stirred for 
about 2 minutes using a homogenizer, affording an bil-in-water emulsion. The emulsion 
was then added by dropping portions of the emulsion through a nozzle (7 mm in 

15 diameter) into a gelling bath comprised of. 12.0 grams of higher weight-average 
molecular weight alginate (PROTANAL LF 10/60; MW=1 80,000 Daltons; FMC 
: Corporation), 48.0 grams of low weight-average molecular weight alginate (PROTANAL 
LFR 5/60), 240.0 grams of glycerol (plasticizer) and 2100 grams of deionized water. The 
gelling bath was stirred at a moderate rate, while being maintained at a temperature of 

20 about 60 °C. The addition of the emulsion was complete in about 2 minutes. Upon 
completion of addition, the so-formed alginate capsules were kept in the gelling bath 
during about a 30-minute period. During the 30-minute period, aliquots of the capsules 
were removed at 5, 10, 15, and 30 minutes of time in the gelling bath. A portion of each 
aliquot of capsules was dried in a manner analogous to that of Example 1. The dried 

25 capsules were then analyzed for elasticity and breaking strength by subjecting samples of 
the capsules to compression tests using a texture analyzer (TA-XT2, manufactured by 
Stable Micro Systems, Vienna Court, Lammas Road, Godalming, Surrey GU7 1Y1, 
England). Dried and wet capsules were also analyzed for film thickness and gel 
thickness, respectively, by splitting samples of capsules and viewing the cross section 

30 under a light microscope (OPTIHOT, manufactured by Nikon Corporation, Fuji Building 
2-3, Marunouchi 3-chrome, Chioda-ku, Tokyo, Japan). As set forth in the table below, 
the results of these tests indicate that as time in the gelling bath lengthens, elasticity of 
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the capsules decrease; and strength to break, gel thickness before drying, and dry film 
thickness of the capsules increase. 



Time in Gelling Bath (Minutes) 

Capsule 5 10 20 30 

Force (Kg) to Compress 
0.5 mm (Elasticity) 0.16 

Force (Kg) to Break 
(Stength) 11.7 

Gel Thickness Before 
Drying (millimeters) 0.88 

Dry Film Thickness 
(microns) 100 



0.29 
14.8 
0.98 
130 



0.39 
18.5 
1.05 
140 



0.44 
18.9 
1.10 
150 



5 Capsules left in the gelling bath for the entire 30-minute period were oval in shape, and 
were about 7 mm in diameter and 11 mm in length. The elevated processing temperature 
resulted in faster gelling speed, higher solids content in the gel membrane before drying, 
and more shiny appearing capsules after drying. 

10 EXAMPLE 5 

PREPARATION AND ALGINATE ENCAPSULATION OF AN OIL-IN- WATER 

EMULSION - FISH OIL 

An oil-in- water emulsion was prepared in a manner analogous to that of Example 
15 4, wherein the oil-in-water emulsion was comprised of 1 10.9 grams of fish oil, 4.0 grams 
of calcium chloride dihydrate, 1.0 gram of polyoxyethylene(20) sorbitan monolaurate 
(Emulsifier-Tween 20) and 10.0 grams of deionized water, affording the oil-in-water 
emulsion. The oil-in-water emulsion was added to a gelling bath, also prepared in a 
manner analogous to that of Example 4, wherein the gelling bath was comprised of 0.6 
20 gram of higher weight-average molecular weight alginate (PROTANAL SF 200), 4.8 
grams of low weight-average molecular weight alginate (PROTANAL LFR 5/60), 15.0 
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grams of glycerol (plasticizer), 60.0 grams of ethanol (emulsion destabilizer) and 519.6 
grams of deionized water. The gelling bath was maintained at ambient temperature 
during the addition of the oil-in-water emulsion. The so-formed alginate capsules were 
oval in shape, measuring about 8 mm in diameter by about 11 mm in length. Capsules 
were dried in a manner analogous to that of Example 1. 

EXAMPLE 6 

PREPARATION AND ALGINATE ENCAPSULATION OF AN OIL-IN-WATER 

EMULSION - MINERAL OIL 

An oil-in-water emulsion was prepared in a manner analogous to that of Example 
4, wherein the oil-in-water emulsion was comprised of 111.9 grams of mineral oil, 4.0 
grams of calcium chloride dihydrate, 1.0 gram of polyoxyethylene(20) sorbitan 
monolaurate (Emulsifier-Tween 20) and 10.0 grams of deionized water, affording the oil- 
in-water emulsion. The oil-in-water emulsion was added to a gelling bath, also prepared 
in a manner analogous to that of Example 4, wherein the gelling bath was comprised of 
0.6 gram of higher weight-average molecular weight alginate (PROTANAL SF 200), 4.8 
grams of low weight-average molecular weight alginate (PROTANAL LFR 5/60), 15.0 
grams of glycerol (plasticizer), 60.0 grams of ethanol (emulsion destabilizer) and 519.6 
grams of deionized water. The gelling bath was maintained at ambient temperature 
during the addition of the oil-in-water emulsion. The so-formed alginate capsules were 
oval in shape, measuring about 8 mm in diameter by about 11 mm in length. Capsules 
were dried in a manner analogous to that of Example 1 . 

EXAMPLE 7 

PREPARATION AND CHITOSAN ENCAPSULATION OF AN OIL-IN-WATER 

EMULSION - SOY OIL 

An oil-in-water emulsion was prepared in a manner analogous to that of Example 
4, wherein the oil-in-water emulsion was comprised of 70.0 grams of soy oil, 2.2 grams 
of sodium polyphosphate (polyvalent metal salt), 0.8 gram of polyoxyethylene(20) 
sorbitan monolaurate (Emulsifier-Tween 20) and 10.0 grams of deionized water, 
affording the oil-in-water emulsion. The gelling bath was prepared by dissolving 15.0 
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grams of glycerol (plasticizer) and 6.0 grams of chitosan in 279.0 grams of deionized 
water. A 150.0-gram aliquot of the chitosan solution was then diluted with 150.0 grams 
of deionized water. The oil-in-water emulsion prepared above was added drop-wise to 
the chitosan solution. The gelling bath was maintained at ambient temperature during the 
5 addition of the oil-in-water emulsion. Upon completion of addition, the so-formed 
chitosan capsules were kept in the gelling bath during a 30-minute period before 
recovering and drying in a manner analogous to that of Example 1, affording round 
capsules of about 7 mm in diameter. 

10 EXAMPLE 8 

PREPARATION AND ALGINATE ENCAPSULATION OF AN OIL-IN-WATER 
EMULSION - SOY OIL: COATING WITH AN ALGINATE SECONDARY FILM 

An oil-in-water emulsion was prepared in a manner analogous to that of Example 

15 4, wherein the oil-in-water emulsion was comprised of 1 15.7 grams of soy oil, 3.0 grams 
of calcium chloride dihydrate, 0.8 gram of polyoxyethylene(20) sorbitan monolaurate 
(Emulsifier-Tween 20) and 10.0 grams of deionized water, affording the oil-in-water 
emulsion. The oil-in-water emulsion was added to a gelling bath, also prepared in a 
manner analogous to that of Example 4, wherein the gelling bath was comprised of 0.6 

20 gram of higher weight-average molecular weight alginate (PROTANAL SF 200), 4.8 
grams of low weight-average molecular weight alginate (PROTANAL LFR 5/60), 15.0 
grams of glycerol (plasticizer), 60.0 grams of ethanol (emulsion destabilizer) and 519.6 
grams of deionized water. The gelling bath was maintained at ambient temperature 
during the addition of the oil-in-water emulsion. Upon completion of addition, the so- 

25 formed alginate capsules were kept in the gelling bath during a 90-minute period before 
recovering, affording oval capsules of about 7-8 mm in diameter and 10 mm length. The 
recovered capsules were then placed in a fluidized bed apparatus at ambient temperature 
where they were dried during about a 10-minute period. A coating solution was 
prepared, comprised of 7.5 grams of alginate (PROTANAL LF 10/60), 7.5 grams of 

30 glycerol (plasticizer), and 235.0 grams of water. After the 10-minute drying period, 100 
grams of the coating solution was added portion-wise to the capsules, during about a 45- 
minute period. After a period of about 80 minutes from commencing the drying and 

-19- 



/ 



Docket 60275 NORW 
Andersen et al 




coating procedure, the capsules were removed from the fluidized bed apparatus and 
placed on a laboratory bench top open to the atmosphere, where they continued to dry 
during about 18 hours. After this time, the capsules were analyzed for elasticity, 
breaking strength, and film thickness in a manner analogous to that of Example 4. An 
5 aliquot of uncoated capsules was also dried for comparison tests. As set forth in the table 
below, the results of these tests indicate that the coated capsules were about as elastic as 
uncoated capsules, but were about four times more resistant to breakage. The film 
thickness was doubled in the coated capsule. 

Capsule Uncoated Coated 

Force (Kg) to Compress 
0.5 mm (Elasticity) 

Force (Kg) to Break 
(Strength) 

Dry Film Thickness 
(microns) 

10 

EXAMPLE 9 

PREPARATION AND ALGINATE ENCAPSULATION OF AN OIL-IN-WATER 
EMULSION - SOY OIL: COATING WITH AN ALGINATE SECONDARY FILM 
15 AND A SODIUM CITRATE SEQUESTRANT 

An oil-in-water emulsion was prepared in a manner analogous to that of Example 
4, wherein the oil-in-water emulsion was comprised of 109.8 grams of soy oil, 3.0 grams 
of calcium chloride dihydrate, 0.8 gram of polyoxyethylene(20) sorbitan monolaurate 

20 (Emulsifier-Tween 20) and 10.0 grams of deionized water, affording the oil-in-water 
emulsion. A gelling bath was prepared, also in a manner analogous to that of Example 4, 
wherein the gelling bath was comprised of 1.8 grams of higher weight-average molecular 
weight alginate (PROTANAL SF 200), 14.4 grams of low weight-average molecular 
weight alginate (PROTANAL LFR 5/60), 45.0 grams of glycerol (plasticizer), and 

25 1738.8 grams of deionized water. About 600.0 grams of the gelling bath was separated, 
and the oil-in-water emulsion prepared above was added to it, as set forth in Example 4. 
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The gelling bath was maintained at ambient temperature during the addition of the oil-in- 
water emulsion. Upon completion of addition, the so-formed alginate capsules were kept 
in the gelling bath during a 120-minute period before recovering, affording oval capsules 
of about 10 mm length and 7-8 mm in width. The recovered capsules were then placed in 

5 a fluidized bed apparatus at ambient temperature where they were dried during about a 
13-minute period A coating solution .was prepared, comprised of 3.0 grams of alginate 
(PROTANAL LF 10/60), 5.2 grams of sodium citrate (sequestrant), and 91.8 grams of 
water. After the 13-minute drying period, 67 grams of the coating solution was added 
portion-wise to the capsules, during about a 40-minute period. After this time, the 

10 capsules were removed from the fluidized bed apparatus and placed on a laboratory 
bench top open to the atmosphere, where they were dried during about 18 hours. When 
placed in water, the capsules coated in the foregoing manner showed increased solubility 
after about 30 minutes. For comparison tests, an aliquot of coated and uncoated capsules 
were dried and analyzed in a manner analogous to that of Example 4. As set forth in the 

15 table below, the results of these tests indicate that the uncoated capsules were more 
elastic and moire resistant to breakage than the coated capsules. The film thickness was 
more than doubled in the coated capsule. 

Capsule Uncoated Coated 

Force (Kg) to Compress 
0.5 mm (Elasticity) 

Force (Kg) to Break 
(Strength) 

Dry Film Thickness 
(microns) 

20 



0.43 
9.2 
90 



0.76 
5.6 
200 
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EXAMPLE 10 

PREPARATION AND ALGINATE ENCAPSULATION OF A WATER-IN-OIL-IN- 

WATER EMULSION - SOY OIL 

5 A water-in-oil-in-water emulsion was prepared in a two-step procedure. First a 

water-in-oil emulsion was prepared by adding a solution 0.6 gram of sodium bicarbonate 
(water soluble material) in 10 grams of water to a mixture of 1.1 grams of polyglycerol 
polyricinoleate (Emulsifier-PGPR 90) dispersed in 90 grams of soy oil. Upon completion 
of addition, the mixture was vigorously stirred using a homoginizer, affording a water-in- 
10 oil emulsion. Then the water-in-oil emulsion was slowly added to a solution of 3.0 grams 
of calcium chloride dihydrate, 1.0 gram of polyoxyethylene(20) sorbitan monolaurate 
(Emulsifier-Tween 20), and 10 grams of deionized water, affording a water-in-oil-in- 
water emulsion. The water-in-oil-in-water emulsion was then added to a gelling bath in a 
manner analogous to that of Example 1, affording stable alginate gel capsules. 

15 

EXAMPLE 11 

"' , PREPARATION AND ALGINATE ENCAPSULATION OF AN OIL-IN- WATER 
EMULSION - SOY OIL: SHAPING THE EMULSION IN 
20 A MOLD TREATED WITH A SURFACE COATING 

An oil-in-water emulsion was prepared in a manner analogous to that of Example 
4, wherein the oil-in-water emulsion was comprised of 173.5 grams of soy oil, 4.5 grams 
of calcium chloride dihydrate, 1.2 grams of polyoxyethylene(20) sorbitan monolaurate 

25 (Emulsifier-Tween 20) and 15.0 grams of deionized water, affording the oil-in-water 
emulsion. A gelling bath was prepared, also in a manner analogous to that of Example 4, 
wherein the gelling bath was comprised of 0.6 gram of higher weight-average molecular 
weight alginate (PROTANAL SF 200), 4.8 grams of low weight-average molecular 
weight alginate (PROTANAL LFR 5/60), 15.0 grams of glycerol (plasticizer), and 600 

30 grams of deionized water. A flexible, plastic mold was treated by either spraying or 
smearing a thin film of an aliquot of the gelling bath-alginate solution, as prepared above, 
into the 1 cm high by 1.5 cm wide wells of the mold. Portions of the emulsion, as 
prepared above, were then placed into the wells of the mold, thereby imparting a surface 
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coating to at least part of the portions of emulsion. The portions of the emulsion were 
allowed to stand in the mold during a period of about 5 to 20 seconds, and then they were 
added to the gelling bath by inverting the mold over the gelling bath and gently squeezing 
the shaped portions of emulsion out of the mold. The portions of emulsion exited the 
mold easily, without alteration of their shape. Once in the gelling bath, alginate capsule 
formation proceeded in a manner analogous to that of Example 4. Capsules were 
removed from the gelling bath and dried, also in a maimer analogous to that of Example 
4. The process was repeated by spraying or smearing the mold with an aqueous 1% 
solution of higher weight-average molecular weight alginate (PROTANAL SF 200). The 
process was yet again repeated by spraying or smearing the mold with an aqueous 1% 
solution of low weight-average molecular weight alginate (PROTANAL LFR 5/60). In 
both repeat processes, the portions of emulsion exited the mold easily, without alteration 
of their shape. 

Those of ordinary skill in the art will appreciate that variations of the invention 
may be used and that it is intended that the invention may be practiced otherwise than as 
specifically described herein. Accordingly, the invention includes? all modifications 
encompassed within the spirit and scope of the invention as defined by the following 
claims. 




-23- 



Docket 60275 NORW 
Andersen et al 



What is claimed is: 

1. A method of preparing capsules having a polysaccharide gel membrane on the 
5 outer surface, comprising the steps of: 

(a) preparing an emulsion comprising oil, water, an emulsifier, and at least 
one of a water-soluble monovalent metal salt, polyvalent metal salt, and an acid, 
wherein said oil is present in an amount of at least 50% by weight of said 
emulsion; with the proviso that said emulsion does not contain marmelo 
mucilage; and 

(b) adding portions of said emulsion to an aqueous gelling bath comprised 
of at least one ionic polysaccharide thereby encapsulating said portions of said 
emulsion in a polysaccharide gel membrane. 

The method of claim 1, wherein said emulsion is an oil-in-water emulsion. 

The method of claim 1, wherein said emulsion is a water-in-oil emulsion. 

The method of claim 1, wherein said emulsion is a water-in-oil-in-water 
20 emulsion. 

5. The method of claim 1, wherein said emulsion further contains a pharmaceutical 
active agent, a nutritional supplement or a food. 

25 6. The method of claim 2, wherein said oil is present in an amount of 70% by weight 
to 98% by weight of said emulsion. 

7. The method of claim 6, wherein said oil is present in an amount of 85% by weight 
to 95% by weight of said emulsion. 

30 
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8. The method of claim 3, wherein said oil is present in an amount of 65% by weight 
to 85% by weight of said emulsion. 

9. The method of claim 8, wherein said oil is present in an amount of 70% by weight 
to 80% by weight of said emulsion. 

10. The method of claim 4, wherein said oil is present in an amount of 60% by weight 
to 90% by weight of said emulsion. 

11. The method of claim 10, wherein said oil is present in an amount of 70% by 
weight to 80% by weight of said emulsion. 

12. The method of claim 1, wherein said water-soluble monovalent or polyvalent 
metal salt is present in an amount of up to 25% by weight of said emulsion. 

13. The method of claim 12, wherein said salt is present in an amount of 2% by 
weight to 1 5% by weight of said emulsion. 

14. The method of claim 6, wherein said water is removed by drying said emulsion. 

15. The method of claim 1, wherein said emulsifier has an HLB value in the range of 
1 to 19. 

16. The method of claim 15, wherein said emulsifier is polyoxyethylene(20) sorbitan 
monolaurate, polyglycerol polyricinoleate, calcium stearoyl-2-lactylate, sorbitan 
monooleate, or mixtures thereof. 

17. The method of claim 16, wherein said emulsifier is polyoxyethylene(20) sorbitan 
monolaurate, polyglycerol polyricinoleate, or mixtures thereof. 
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18. The method of claim 1, wherein said water-soluble monovalent or polyvalent 
metal salt is at least one salt of sodium, potassium, calcium, strontium, barium, 
magnesium, and aluminum. 

19. The method of claim 1 8, wherein said salt is calcium chloride. 

20. The method of claim 1, wherein said gelling bath is comprised of from 0.1% by 
weight to 10% by weight of said at least one ionic polysaccharide. 

21. The method of claim 20, wherein said weight of said at least one ionic 
polysaccharide is from 0.5% by weight to 4% by weight. 

22. The method of claim 20, wherein said at least one ionic polysaccharide is an 
alginate, a carrageenan, a chitosan, a pectin, sodium carboxymethylcellulose, or mixtures 
thereof. 

23. The method of claim 22, wherein said at least one ionic polysaccharide is an 
alginate having a weight-average molecular weight of 20,000 Daltons to 500,000 
Daltons. 

24. The method of claim 22, wherein said at least one ionic polysaccharide is a 
mixture of (i) an alginate having a weight-average molecular weight of 30,000 Daltons to 
40,000 Daltons, and (ii) an alginate having a weight-average molecular weigjit of 
150,000 Daltons to 500,000 Daltons. 

25. The method of claim 24, wherein said mixture of (i) and (ii) is in a ratio of 0. 1 to 
20 of (i) to 1 of (ii), respectively. 

26. The method of claim 25, wherein said ratio is 4 to 16 of (i) to 1 of (ii), 
respectively. 
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27. The method of claim 23, wherein said alginate has a G content of at least 30%. 

28. The method of claim 27, wherein said G content is 50% to 90%. 

5 

29. The method of claim 1, wherein said gelling bath is maintained at a temperature 
of at least 20 °C during step (b). 

30. The method of claim 29, wherein said temperature is in the range of 50 °C to 70 
°C. 

10 

31. The method of claim 1, wherein said addition in step (b) is conducted during a 
period of time of up to 240 minutes. 

32. The method of claim 31, wherein said period of time is from 2 minutes to 60 
15 minutes. 

33. The method of claim 32, wherein said period of time is from 5 minutes to 20 
minutes. 

20 34- The method of claim 1, further comprising the step of reducing stickiness of at 
least part of said portions prior to adding such to said aqueous gelling bath by: i) surface- 
drying said portions, ii) surface-hardening said portions, or iii) applying a surface coating 
to said portions. 

25 35. The method of claim 34, wherein said surface coating comprises a releasing 
agent, an anti-tacking agent, or a lubricant. 

36. The method of claim 34, wherein said surface coating comprises an alginate. 
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37. The method of claim 1, further comprising the step of (d) coating said capsules 
with a secondary film-former, or a sequestrant, or a secondary film-former and a 
sequestrant. 

38. The method of claim 37, wherein said coating step (i) is conducted 
simultaneously with a step of (e) drying said capsules. 

39. Capsules having a polysaccharide gel membrane on the outer surface, prepared by 
a method comprising the steps of: 

(a) preparing an emulsion comprising oil, water, an emulsifier, and at least 
one of a water-soluble monovalent metal salt, polyvalent metal salt, and an acid, 
wherein said oil is present in an amount of at least 50% by weight of said 
emulsion; with the proviso that said emulsion does not contain marmelo 
mucilage; and 

(b) adding portions of said emulsion to an aqueous gelling bath comprised 
of at least one ionic polysaccharide thereby encapsulating said portions of said 
emulsion in a polysaccharide gel membrane. 

40. Capsules having a polysaccharide gel membrane on the outer surface, said 
capsules encapsulating an emulsion of oil, water and emulsifier, wherein said oil is 
present in an amount of at least 50% by weight of said emulsion with the proviso that 
said emulsion does not contain marmelo mucilage. 

41 . Capsules of claim 40, having a capsule diameter in the range of 1 millimeter to 40 
millimeters, wherein said gel membrane has a thickness in the range of 0.3 millimeters to 
4 millimeters. 

42. Capsules of claim 40, wherein said capsules are in a dry form, wherein said gel 
membrane is a dry polysaccharide gel film on the outer surface, said capsules 
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encapsulating an oil, wherein said oil is present in an amount of at least 70% by weight of 
said capsule. 

43. Capsules of claim 42, wherein said oil is present in an amount of at least 90% by 
5 weight of said capsule. 

44. Capsules of claim 42, having a capsule diameter in the range of 0.5 millimeter to 
35 millimeters, wherein said dry polysaccharide gel film has a thickness in the range of 
40 microns to 500 microns. 

10 

45. Capsules of claim 39, wherein said polysaccharide gel membrane is an alginate 
gel membrane. 

46. Capsules of claim 40, wherein said polysaccharide gel membrane is an alginate 
15 gel membrane. 

47. Capsules of claim 42, wherein said polysaccharide gel film is an alginate gel film. 
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ABSTRACT 

Improved methods are described for preparing oil and water emulsions containing 
high concentrations of oil, where the emulsions are suitable for encapsulation into 
capsules of a polysaccharide gel. Of particular interest are emulsions of oil and water, 
where the oil is present in an amount of at least 50% by weight of the emulsion and the 
capsule is, for example, an alginate gel. Oils that are a pharmaceutical active agent, a 
nutritional supplement or a food; or oils that act as a carrier therefore, are also of 
particular interest. 
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